in connection with the action of chloroform itself but rather because of the light which it would throw on the nature of the fundamental processes involved, which without doubt are identical with those concerned in poisonings of the body with a large group of toxic substances, including other narcotics, arsenic, salvarsan, phosphorus, and probably most bacterial poisons. Evidence will be brought to show that in chloroform poisoning the liver necrosis is produced chiefly by the action of acid (largely probably by hydrochloric acid which is formed in the metabolic destruction of chloroform), and this ability to produce liver necrosis is a general property of alkyl halides, all of which probably yield halogen acids in their breakdown in the body. Reasons will also be brought in support of the view that the accompanying cloudy swelling, fat infiltration, hemorrhages, and edemas are also acid effects. These changes, however, are not limited to intoxications with substances which can split off mineral acids, but they may follow the administration of any substance that can cause tissue asphyxia with its attendant accumulation of organic acids.
The ease with which extensive liver necrosis is induced by a two or three hour narcosis with chloroform, and the failure to obtain i~t by a narcosis with ether of three or four times that duration, suggest strongly that this difference in the behavior of the two substances depends upon either a difference in molecular action or a difference in products formed during their breakdown.
When chemically pure chloroform is exposed 'to the action of sunlight at room temperature it is oxidized to phosgene and hydrochloric acid. The end reaction may be expressed thus : CHC13 ~-O ~:~ COC12 ~ HC1.
This oxidation occurs so ea,sily that it has become necessary for manufacturers of chloroform for anesthetic purposes to add alcohol to it to prevent its decomposition. 5 Phosgene in the presence of 6 Baskerville has shown that the alcohol protects the chloroform because it is more easily oxidized than chloroform, and hence when, as in a stoppered bottle, there is only a limited amount of oxygen present, the alcohol uses all the available oxygen for its own oxidation (BaskerviUe, C., and Hamor, W. A., The Chemistry of Anesthetics. IV. Chloroform, ]our. Indust. and Eng. Chem., I912, iv, 362) .
water is decomposed into carbon dioxide and two molecules of hydrochloric acid. This hydrolysis may be expressed thus:
COC12 q-HOH ~ CO~ q-eriC1.
It is at once apparent, therefore, that if one molecule of chloroform is oxidized in the presence of water, three molecules of hydrochloric acid may be formed. The liberation of such a strong inorganic acid in the tissues could very easily produce necrosis and other acid effects; and since three molecules of the acid are formed from each one of the chloroform, it might easily be supposed that the oxidation of only a small amount of chloroform would suffice to produce a considerable effect on the 'tissues. Moreover, the well known facts that the liver is the organ which most strikingly manifests the chloroform necrosis, and that this organ is also the site of a most active metabolism, harmonize well with this hydrochloric acid theory.
With these facts and considerations as the basis for departure, the hypothesis was subjected to a series of experimental tests which may be outlined as follows.
I. A study was undertaken of the morphological changes induced by hydrochloric acid, with special reference to the liver. 2. Attempts were made to demonstrate free hydrochloric acid in the necrotic areas in the livers of animals poisoned with chloroform. 3. Observations were made on the relative necrosis-producing power of different chlorine substitution products of methane (e. g., dichlormethane, chloroform, and tetrachlormethane), which on theoretical grounds could be considered to yield different amounts of hydrochloric acid in their breakdown. 4. The inhibiting effect of alkali was studied. 5. Attempts were made to produce the typical picture of chloroform poisoning by other alkyl halides of the same type as chloroform, vi~., bromoform ( CHBra ) and iodoform (CH1 a ), which might be expected to give analogous products in their breakdown, lwith, however, the liberation of hydrobromic acid and hydriodic acid, respectively, instead of hydrochloric acid. 6. Experiments were made to ascertain whether or not morphological effects like those produced by chloroform can also be induced by alkyl halides in general, and whether these substances are decomposed in the body in such a way that the corresponding halogen acid is liberated.
7-A comparative study of the lesions produced by chloral hydrate and chloroform was made, since the former substance yields practically no hydrochloric acid in its metabolic breakdown, although i t contains the same number of chlorine atoms as chloroform.
EXPERIMENTAL.

The Tissue Changes Induced by Administration of Hydrochloric
Acid.
Oral and intraportal administrations of hydrochloric acid in suitable concentrations were followed by edema, hemorrhages, necrosis, and increased fat accumulation in the liver. When injected intraportally in dogs in relatively high concentrations ( IO to 25 cubic centimeters of 0. 5 (N/7) to I per cent (N/3.5) solutions), hydrochloric acid produced extensive liver necros~is involving large areas of many lobules about equally. When given in lower concentrations (e. g.,. 0.37 per cent (N/Io,)), it produced edema and other degenerative changes as well as numerous subcapsular hemorrhages. The parenchymatous changes were most conspicuous at the periphery of each lobule. This was to be expected since, because of the arrangement of the blood supply, the periphery would be the first part of the lobule reached by the acid. The degenerative changes consisted o f pycnosis and fragmentation of the nuclei with swelling of the cells. It was felt that these were precursors of necrosis. When several administrations were given by mouth to rabbits in concentrations o f I (N/3.5) or 2 per cent ( N / I . 8 ) at intervals of from twelve to twenty-four hours, ~the animals usually died after the third or fourth administration. Theyshowed extensive hemorrhage in the mucosa of the stomach and duodenum, large fatty livers, and swollen kidneys.
Microscopically, by the use of Sudan III, the fat in the liver was found chiefly around the central veins. In short, all of the marked morphological changes induced by chloroform have been seen to follow the administration of hydrochloric acid alone. They were, however, differently distributed. The liver necrosis appeared at the peripheries of the lobules instead of at the centers, as in chloroform poisoning, but this difference in location is not regarded as important, since a discussion of the site of the necrosis in chloroform poisoning involves the question of the site of the greater formation of hydrochloric acid together with that of the relative susceptibility of the central and periphera~ parts of the lobule to its effects. These points will be further elaborated in the discussion.
The production of fatty changes in the liver by the use of hydrochloric acid is in harmony with a statement of Leathes,~ that as an effect of "the action of mineral acids an active mobilization of the fat reserves may occur . . . and the liver cells are found loaded with fat of a low iodine value." Whether or not this mobilization of fat is to be considered as due to a primary effect of the acid or to the cellular asphyxia induced by the acid will not be discussed in this paper.
The extensive edema which follows the administration of hydrochloric acid confirms the well known observations of Fischer on the imbibition of water by tissue colloids under the influence of acids generally. The production of hemorrhages harmonizes with the frequency of their occurrence after tissue asphyxia, with its attendant formation of acid. Doyon7 and his pupils first (19o5-19o5) called attention to the probability that fibrinogen is formed mainly in the liver and that interference with normal liver function induces a diminished coagulability of the blood, a conclusion which later was confirmed by Whipple and Hurwitz. s In a previous paper in which it was shown that the various hemorrhagic diseases of the newly born are probably expressions of an asphyxial process, 0 we stated that this hemorrhagic tendency might be due to a "more fundamental and wide-spread change, as a result of which not only fibrinogen, but innumerable other proteins tend to remain in solution or to pass into solution, with the result that apart from diminished blood coagulability there is a great reduction in the firmness of the vessel wails." Typical protocols follow.
Experiment L--Normal dog, weighing 5 kilos. 2.00 p.m. Under ether anesthesia abdomen opened and 2 cc. N/IO (0.37 per cent) hydrochloric acid injected into radicle of portal vein (branch of superior mesenteric). Marked dyspnea and muscular spasms occurred two minutes later. 2.30 p.m. 2 cc. again injected, followed by same symptoms. 2.45 p.m. Another injection of 2 cc. Few small hemorrhages noted on surface of liver. 3.00 p. m. Another injection of 2 cc. Hemorrhages more numerous; also appearing on wall of stomach. When liver is stroked with handle of scalpel a line is marked which immediately becomes dark red (as if hemorrhagic). 3.3o P. m. After another injection of 2 cc., marked respiratory spasm occurred with muscles of chest rigid. Artificial respiration necessary. Hemorrhages increasing. Stomach greatly distended. 4.00 p.m. Another injection of 2 cc. 5.oo p. m. Dog died. Stomach enormously distended with gas. Wall very hemorrhagic. About IO cc. of unclotted blood in abdomen. On cutting the small vessels there is little tendency of the blood to coagulate. Several subcapsular hemorrhages on the surface of the liver were noted, varying from pin-head to 4 or 5 ram. in size. No gross increase in liver fat.
Experiment 2.--Dec. 23, 11.3o a. m. Two adult rabbits each given 5o cc. of 6 Leathes, J. B., The Fats, London, 191o, III. Doyon, M., Modifications de la coagulabilit6 dn sang eons6cutives ~. la destruction du foie. Pathog6nie des hdmorragies symptomatiques des affections du role, Jour. de physiol, et de path. g~n., 19o5, vii, 639. Exper. Med., 1911 , xiii, 136. 9 Graham, E. A., The Pathogenesis of the Hemorrhagic Diseases of the NewBorn, Jour. Exper. Med., 1912, xv, 326. ings. Frozen sections stained with Sudan III showed very extensive fat accumulation, most marked around the central veins. Kidneys were swollen and pale brown. Microscopically they showed marked parenchymatous degenerative changes, especially marked in the convoluted tubules. A few casts were evident.
Jan. I6. 1.3o p. m. The other rabbit was given the same amount of acid again. Dead at 4.30 p. m.
Autopsy.--The liver was moderately fatty. The stomach and duodenum were markedly hemorrhagic; the duodenum was empty and firmly constricted throughout its whole length. The kidneys were swollen and pale.
Attempts to Recognize Hydrochloric Acid in the Necrotic Areas
in the Liver.
The practical identification of free hydrochloric acid depends upon the recognition of (I) free hydrogen ions and (2) free chlorine ions. It is obvious then that efforts aiming at the direct proof of the presence of hydrochloric acid in the tissues are necessarily complicated by the fact that both ions are always present. Therefore, at best, only circumstantial evidence can be brought to show the presence of free hydrochloric acid. However, the following observations were made.
It is possible to show a high hydrogen ion content in the central, necrotic portions of the liver lobules if fresh unstained sections are treated with indicators which do not change when placed in contact with equally fresh normal tissues in the same way. In this work most of the observations were made with neutral red and phenylated Nile blue. In every case the reaction between the indicator and tissue was much more marked in the central (necrotic) portion than at the periphery of the lobule. In some instances the tint assumed by the neutral red was a deep rose, approximating that which is obtained with a concentration of acid represented by H÷~---lO -6 . Often the central portion was distinctly red, while the periphery was slightly yellowish. The Nile blue reactions were less satisfactory than those obtained with neutral red. If the area of necrosis was v.ery marked, the response of the dye to the free hydrogen ion was shown by a definite blue color; but with moderate necrosis the color change often was insufficient to be satisfactory.
In order to minimize the formation of asphyxial organic acids during the time required to cut the sections and place them in contact with the indicators, the following method was used: Guinea pigs to which chloroform had been given two days previously for a period of four hours were again anesthetized with chloroform; and while unconscious the livers were removed. Sections were cut very quickly with a Valentine knife, washed in distilled water, and immersed in the dye on a slide. The whole process was sometimes done in less than one minute and always in less than two minutes. The neutral red was used as I per cent aqueous solutions; alcoholic phenylated Nile blue was used in different concentrations, but generally of I or 2 per cent strength.
In their work on the survival formation of lactic acid in amphibian muscle, Fletcher and Hopkins 1° have demonstrated that sarcolactic acid formation in frog muscles attains its maximum only after the lapse of hours, but in a much shorter time (thirty minutes) when the muscles, after removal from the frogs, are treated with chloroform vapor. In harmony with what is generally known concerning the action of narcotics during life there is no doubt that in chloroform poisoning the asphyxial formation of lactic acid is great. The question has therefore to be met whether the indicator changes described in the preceding paragraph are actually greater than might be explained by the presence of much asphyxial organic acid. This objection to interpreting the dye reaction as indicative of the presence of an inorganic acid in the necrotic areas is recognized and has not been removed. In fact when pieces of excised normal liver are kept for six to seven hours at 37 ° C. in order to insure their maximal content of survival acid, such tissues react to neutral red with about the same intensity as fresh chloroform livers. It is clear from ~this that the cell itself has the power to produce enough acid during life to effect the indicator changes described. The experiment,s are merely recorded in conjunction with other observations.
For the determination of an excess of chlorine ion in the necrotic areas sections of liver were cut in the same way as above and handled in general according to the method used by Macallum and Menten. 11 They were placed in N/Io silver nitrate, containing 1.5 per cent nitric acid, and kept in this bath, protected from the light, for from twelve to twenty-four hours. Series B, I9o6, lxxvii, 165. in 50 per cent glycerol and exposed to the sunlight until the maximum effect was produced. The most pronounced blackening always occurred in the central necrotic portions of the lobules. The peripheries of the lobules were light brown instead of black. In control sections of normal livers the darkening amounted to only a brownish discoloration resembling the tint of the periphery of the lobule in a chloroform liver. This discoloration has been extensively discussed by Macallum and Menten, who consider that in the tissues it is a deftnite indication of the presence of chlorides.
Although an excess of free H + and CI-ions in the necrotic areas of the liver was clearly shown, nevertheless this finding alone cannot be interpreted as in any way indicative of the presence of free hydrochloric acid. The possibility of other sources of hydrogen ion has already been mentioned. Recently Fischer 12 has shown that protein gels (i. e., fibrin) retain increased amounts of chlorides under the influence of acid. The excess of C1-ion in the necrotic areas, therefore, may represent only a greater accumulation or retention of neutral chlorides instead of hydrochloric acid.
As bearing on this point, however, it is of interest that the excretion of neutral inorganic chlorides in the urine is increased after the administration of chloroform, as has been shown by Zeller I~ and Kast. ~4 Since hydrochloric acid formed in the tissues would doubtless be in part neutralized by metals in alkaline combination, this observation harmonizes with the present theory. Here also one must consider the possibility that an increased output of chlorides in the urine following administrations of chloroform may be due not so much to a splitting of the drug as to anomalies of metabolism and excretion set up in the process of narcosis. However, after the administration of iodoform there is, according to Mulzer, ~5 an excretion in the urine of inorganic iodine indicative of a 6o per cent splitting of the iodoform. This could scarcely come from the tissues; and by analogy it would seem probable that the increased chloride excretion following chloroform administrations is due to 12 Fischer, M. H., Relation between Chlorid Retention, Edema and "Acidos's, '' Jour. Am. Med. Assn., I915, lxiv, 325. 13 Zeller, A., Ueber die Schicksale des Jodoforms und Chloroforms im Organismus, Ztschr. f. physiol. Chem., I883-84, viii, 70. 14Kast, A., Ueber Beziehungen der Chlorausscheidung zum Gesammtstoffwechsel, Ztschr. f. physiol. Chem., I888, xii, ~67.
l~ Mulzer, P., Ueber das Verhalten des Jodoforms im Thierk6rper, Ztschr. f. exper. Path. u. Therap., I9o5, i, 446. decomposition of this drug. Moreover, after narcosis with chloral hydrate the urinary chlorides show no such increase as with chloroform.
Necrosis-Producing Power of Other Chlorine Substitution Products of Methane.
A study of other chlorine substitution products of methane should be of interest from the standpoints of determining (I) whether they all have the power of producing central liver necrosis, and (2) whether this property is proportional to the number of molecules of hydrochloric acid which could theoretically be derived from them. If, starting with methane, we should outline a series of its various chlorine substitution products, we might expect, according to the theory, that those which could give the largest amounts of hydrochloric acid in their breakdown would manifest the strongest tendency to produce the necrosis and other changes. Thus a priori we might expect the series to run in this order:
if all of these substances were equally broken down in the body. Experiments were carried out to determine this point. The last three of the series (viz., CH2C12, CHCla, CC14) were selected as sufficient to test the tenability of this hypothesis. Reason for the assumption that tetrachlormethane might have greater necrosis-producing power than chloroform, and this in turn than dichlormethane lies in the fact that, in the ultimate breakdown of these substances outside of the body in the presence of water, four molecules of hydrochloric acid can be obtained from one of tetraehlormethane, three from chloroform, and two from dichlormethane. Thus Goldschmidt 1~ has found the saponification of tetrachlormethane at 25 o° C. to take place as follows :
The well known reactions by which three molecules of hydrochloric acid can be derived from chloroform, by simple oxidation in the presence of water, have already been discussed on pages 49 and 5o. Concerning the transformation of dichlormethane, Andr617 has shown that in five hours at I8o ° C. 73 per cent is decomposed as follows :
Thus from one molecule of dichlormethane two molecules of hydrochloric acid may be formed.
When these various substances were administered to animals by inhalation, it was found that not only did all three possess the power of producing central necrosis of the liver, but that this power was shown in greatest degree by tetrachlormethane, notwithstanding its higher boiling point, and least by dichlormethane, the most volatile of the three. In all respects the toxicity of tetrachlormethane was greatest, and that of dichlo/'methane least. A comparison of the minimum fatal doses of the three substances when given intravenously to rabbits again bore out the same relationship as by the inhalation method. The following The quantities injected were shaken up with enough water to make one cubic centimeter.
In other words, both the general toxicity of these substances as well as their power to produce the extensive morphological changes paralleled the amounts of hydrochloric acid which they can give in their respective breakdowns outside of the body. The toxicity of tetrachlormethane was so great that if it were administered by inhalation for two hours the animal almost invariably died within twenty-four hours. At autopsy numerous hemorrhages were pres-17 Andr6, G., Action de l'eau et de l'ammoniaque sur le chlorure de m~thyl~ne, Com.pt. rend. Acad. el. sc., 1886 , cii, 1474 ent with extensive visceral edema, fatty changes, and beginning central liver necrosis. In a few instances the abdomen contained a large amount of free, unclotted blood. It was only by giving the tetrachloride for about one hour or les.s that an animal could be expected to survive long enough to develop a well marked typical liver necrosis. As has been said above concerning chloroform, the most extensive necrosis is seen about two days after the administration of tetrachlormethane. A two hour narcosis with dichlormethane is usually no.t sufficient to induce an outspoken necrosis of the liver. A comparison of the narcotic properties showed that dichlormethane is less powerful than chloroform. With tetrachlormethane it was difficult to produce a quiet narcosis analogous to that accompanying the use of chloroform. More or less severe muscular spasms, particularly of the extremities, occurred intermittently. This fact has already been noted by von Ley. is
The experiments were conducted as follows: Each of a series of three guinea pigs of approximately the same weight was placed under a bell jar, opened at the top to admit air. Into each jar was dropped enough of one of the three substances to induce narcosis, which was then carefully maintained at as nearly as possible the same depth and for the same length of time. Seven sets of animals were used; and the duration of the narcosis was varied from one and one-half to four hours. A typical protocol follows.
Guinea pigs A, B, and C, weighing respectively 550, 530, and 505 gm., were each put under a bell jar, as described above. To A was given dichlormethane; to B, chloroform; and to C, tetrachlormethane. These substances were administered for two hours. On the morning of the second day C was moribund; then all three were killed by a sudden, overwhelming dose of chloroform. At autopsy C (tetrachlormethane) showed several pulmonary and subperitoneal hemorrhages; the liver was large and fatty; and the kidneys were swollen and gray. B (chloroform) showed no marked gross changes except a large, fatty liver. A (dichlormethane) had a moderate accumulation of fat in its liver; but otherwise there were no gross changes of importance. Microscopically the liver of C (tetrachlormethane) showed definite areas of necrosis which involved nearly the whole of the lobule in each case, but which nevertheless had apparently begun at the central portion of the lobule. This necrotic area of each lobule contained cells with fragmented nuclei; and there was a tendency for the whole area to stain intensely with eosin. There were no parenchymatous cells evident which contained normal-looking nuclei except at the periphery of the lobule. There was a large amount of infiltrated fat, as shown both by staining with Sudan III and by the presence of many fat vacuoles in sections prepared and stained in the ordinary way with hematoxylin and eosin. The cells ~s yon Ley, Inaugural Dissertation, Strassburg, 1889. of the kidney were swollen and granular, and fat vacuoles could be made out here and there. Guinea pig B (chloroform) microscopically showed changes which differed from those of C only in degree. The liver contained areas of well marked central necrosis, which, however, involved only about one-fourth to one-third of the lobule. A (dichlormethane) showed no definite areas of liver necrosis at all comparable to the other guinea pigs. But about the central veins there were occasional necrotic cells and a conspicuous accumulation of fat. The typical necrosis, however, such as is seen after chloroform, was obtained with dichlormethane when it was administered to a guinea pig for from four to six hours.
The Inhibiting Effect of Alkali.
If the theory is correct that chloroform liver necrosis is an effect chiefly of acid, then it might be expected that the administration of an alkali simultaneously with the chloroform would inhibit, if not actually prevent, its occurrence. Such was found to be the case. When sodium carbonate was given intravenously in a proper concentration in a hypertonic solution of sodium chloride, the liver necrosis was either entirely prevented or greatly inhibited. It was of course di'fficult to know in any given case how much alkali to administer, as it was not possible to estimate how much acid was being formed. Moreover, it was obviously desirable to avoid an excess of alkali, since this in turn will give rise to some of the serious effects of an excess of acid, such as swelling of protein colloids, etc., as shown by Fischer. 19 The amount of alkali given in each experiment was therefore decided empirically; and consequently the degree of inhibition of the necrosis was subject to wide variations in the different experiments. In only one instance, however, and that in the first experiment, was there a failure to observe a definite diminution of necrosis when alkali in hypertonic sodium chloride solution was administered. In this one instance the dose of alkali was excessive (I 7 grams of Na2CO3" IoH20 in 1,7oo cubic centimeters of 1.4 per cent sodium chloride solution to a dog weighing twenty-one kilos, intravenously). Because of the onset, on the following day, of extreme thirst and a severe hemorrhagic nephritis, with passing of urine thick with blood, it was felt that clearly an overdose of the solution had been given. In all of six subsequent experiments, in which a much smaller dose was given, there was less 19 Fischer, M. It., Oedema, a Study of the Physiology and the Pathology of Water Absorption by the Living Organism, New York, I9Io. necrosis than in the control animals which did not receive alkali. In one case no necrosis at all occurred. Another interesting fact was that in all of these six experimen, ts the alkali animals seemed less toxic, and at autopsy other changes characteristic of chloroform poisoning, as well as the liver necrosis, were less conspicuous than in the control animals. This beneficial effect of the alkali was particularly striking in the kidneys. In the control animals, which received no alkali, these organs were always enormously swollen and weighed much more than those of the alkali animals. The effect of the alkaline hypertonie sal,t solution in inhibiting the swelling of these organs, tends to support Fischer's views on the nature and origin of edema. In only three of the experiments was the amount of visible fat in the alkali livers conspicuously less than in the con~trols. In none of the experiment,s was there noted any particular influence of the alkali either in strengthening or weakening the narcotic power of chloroform.
The alkaline solution used was that employed by Fischer in hi's work on edema; viz., distilled water I,ooo cubic centimeters; Na.CO~-IoH:O, Io grams; sodium chloride, I4 grams. The method of conducting the experiments was as follows: The animals were always run in pairs; and the duration of the anesthesia was the same for both animals, as was also the depth of the narcosis, as nearly as could be determined. To one animal was given the alkaline solution and to the other was given the same quantity of a 0.85 per cent sodium chloride solution. Two sets of guinea pigs ~nd four pairs of dogs were used, in all twelve animals, exclusive of the first pair already mentioned, in which clearly an excessive close of alkali was given. The solutions were always injected into the blood stream. With the guinea pigs the injections were made by means of a syringe into the heart; but with the dogs, they were given by means of a eannula into either the saphenous or femoral vein. The solutions were always warmed to body temperature previous to being injected; and the amounts were varied in different experiments. In general, the injections were made shortly after the animals had lost consciousness, and they were given slowly. Two days after the administration of the chloroform the animals were killed with chloroform and examined. Pieces of the various tissues were fixed in Zenker's fluid and Io per cent formalin and were stained both with hematoxylin and eosin and with Sudan III for fat. Typical protocols follow.
Experiment 3.--Two adult dogs. A weighed 4.5 kilos ; B, 5 kilos. Both dogs were given chloroform by inhalation for four and one-half hours. The chloroform used was Mallinckrodt's, " Purified for Anesthesia." As soon as both dogs had lost consciousness cannulas were inserted into the saphenous vein; and into A were injected I5O cc. of the alkaline solution already described, and into B, I5o cc. of o.85 per cent sodium chloride solution. Both solutions were injected slowly over a space of one hour. Both dogs were still in a condition of deep narcosis when they were returned to their cages at the close of the experiment. On the next day Dog A (alkali) was lively and playful; but Dog ]3 (control) was exceedingly drowsy and difficult to arouse. Water and meat were allowed freely. On the second day after the experiment both dogs were killed with chloroform and examined. The difference between the two dogs was very striking. Dog B (the control) had a very fatty, yellowish liver. There was a large subperitoneal hemorrhage on the liver; and there were numerous ecchymoses on the parietal peritoneum. The kidneys were swollen and gray in appearance; and together they weighed 68 gin. Dog A (alkali), on the contrary, showed no hemorrhages. There was little, if any, less fat in its liver than in B's, but the kidneys were practically normal in appearance and weighed only 43 gin. This marked difference in weight between the kidneys of the two animals is particularly striking since the weight of the dogs before the experiment was practically the same. Of still greater interest, however, is the difference in the microscopical findings in the two animals. The liver of B (control) shows areas of necrosis so extensive that practically the entire lobule is involved. There is little more than a fringe of cells about the periphery which have not lost their nuclei. The necrotic areas stain deeply with eosin; and the only nuclei that can be distinguished are those of the capillaries and not of the parenchymatous cells. There are numerous fat vacuoles, especially in the peripheral portions of the lobules. The liver of A (alkali), however, shows practically no necrosis. Only an occasional necrotic cell about the central veins is evident. The columns of cells stand out plainly, and their nuclei appear to be unchanged. There is a moderate amount offat accumulation about the central veins. These differences are well shown in the accompanying illustrations (Figs. I to 4) . The kidneys show also rather a marked difference, as might be expected from the striking difference in weight. The epithelium of the convoluted tubules in B's (control) kidney is swollen and granular, and it contains numerous fat vacuoles. There are occasional casts. A's (alkali) kidneys show no striking changes. The changes in the other organs were relatively slight in both dogs.
Experiment 4.--June 3, 1914. Two adult dogs: A, weighing 2.7 kilos; B, 2.5 kilos. Both dogs were given chloroform by inhalation for four and one-half hours. As soon as consciousness was lost A was given 80 cc. of the alkaline solution into the saphenous vein; and B was given the same amount of o.85 sodium chloride solution. Two days later both dogs were killed with chloroform and examined. Both livers were very fatty, but microscopically B (control) showed much more necrosis than A. The pictures were very similar to those described in the previous experiment. The kidneys here again showed a striking difference. Those of B (control) weighed 35 gin., and those of A (alkali) only 26 gin., although A was the larger dog.
In the two experiments on guinea pigs the method consisted of putting two guinea pigs of approximately the same weight under a large bell jar and dropping chloroform into it through an opening at the top. In this way it was assured that both guinea pigs were breathing air with the same concentration of chloroform. After losing consciousness the alkaline solution was injected into the heart of one of the guinea pigs ; and the other guinea pig was given 0.85 per cent sodium chloride solution in the same way. Both were then returned to the bell iar, and the anesthesia was continued.
Production of Typical Chloroform Liver by Iodoform and
Br orno form.
Iodoform (CHI3) and bromoform (CHBr3) are so similar to chloroform (CHC13) in chemical structure as to suggest that they might have a similar power to produce the characteristic morphological changes of chloroform poisoning. Here, however, we should of course be dealing wi,th an effect of hydriodic acid and hydrobromic acid, respectively, instead of hydrochloric acid. As a matter of fact, not only do both of these substances induce lesions which are in every way identical with chloroform effects, but it is also possible to obtain some evidence that in each case the respective halogen acid is produced in the body. It has been known for some time ,that the administration of iodoform in large quantities is frequently followed by visceral fatty changes and multiple hemorrhages. 2° In our experiments we f'ound, in addition to ,these changes, a definite central liver necrosis in every way comparable to that produced by chloroform. Bromoform was found to produce identical changes. Evidence that here also we were dealing with an effect of acid was obtained by finding .that the necrotic areas in the liver reacted to neutral red in the same manner as has been described already for chloroform. Attempts to identify iodine ions in these necrotic lesions failed, but iodine was found in large quantities in the urine. It is not altogether surprising that we failed to find it in the tissues, since it doubtless occurs in small quantities at most; and, furthermore, because of its tendency to combine with fats and protein, probably nearly all of the iodine would be present in an organic, and hence non-ionic, form. The methods used for its identification will be described below. They were based on the standard means of identification of inorganic iodine by use of dilute sulphuric acid, sodium nitrite, and starch paste.
It is especially interesting that inorganic iodides may be found in large quantities in the urine after the administration of iodoform; ~o Cushny, A. R., A Textbook of Pharmacology and Therapeutics, 3d edition, Philadelphia, 19o3, 522. Meyer, H. H., and Gottlieb, R., Pharmacology, Clinical and Experimental, translated by Halsey, J. T., Philadelphia, I914, 519.
/or this necessarily implies the previous formation of hydriodic acid, at least somewhere in the body. The finding of iodides is an old observation..Thus Binz 21 in I877 attributed the toxic action of iodoform to iodine, because of the presence of in'organic iodine in the urine. H:ogyes, 22 Harnack and Griindler, =3 and Mulzer 24 have all concurred in this observation. Mulzer's study is especially interesting. He states that most of the urinary iodine is inorganic, in the form of alkali iodides and iodates. Of ,these, the iodides always appear first. Only about 60 per cent of the calculated iodine can be found in the urine. The rest is eliminated into the sweat, hair, and intestines. Different structures of the body vary in their power to transform iodoform into inorganic iodine compounds. Muscle and liver hash seem to be the most powerful; and the muscle hash is a little more powerful than the liver. These findings are. all in harmony with the idea which is being developed in this article ; via., that the decomposition of this group of drugs in the body is associated with the formation of the respective halogen acid, in this case hydriodic acid. Furthermore, if we regard this decomposition as essentially dissociation in the presence of water, as we did in the case of chloroform, then we are not surprised that it occurs in greatest quantity in the liver and muscle tissue where metabolic activity is greatest. The apparent discrepancy between Mulzer's and our own results, in that he found inorganic iodine in the liver where ,aTe failed to find it, is easily explained by the fact that he subjected relatively enormous quantities of iodoform to the action of the tissue hash and so obtained a recognizable amount of inorganic iodine which was not bound to protein. Even then his yields of iodine were small.
In our experiments with bromoform no attempt was made to find bromine ions. After demonstrating the identity of the morpholog-21 Binz, C., Ueber Jodoform und fiber Jods:iure, Arch. f. exper. Pa:h. u, Pharmakol., 1878, viii, 3o9. 22 Hogyes E., Anmerkungen fiber die physiologische Wirkung des Jodoforms und fiber seine Umwandlung im Organismus, Arch. f. exper. Path. u. Pharmakol., 1879, x, 228. 2s Harnack, E., and Grfindler, J., Ueber die Form der J'odausscheidung im Harn nach der Anwendung yon Jodoform, Berl. klin. Wchnschr., 1883, xx, 723. 24 Mulzer, Ioc. cit.
ical findings obtained with chloroform, iodoform, and bromoform, and recognizing that chloroform and iodoform may form in the body hydrochloric acid and hydriodic acid, respectively, the parallelism with bromoform was so close tha't this detail was omitted as unessential. Typical protocols follow.
Experiment 5.--Adult dog, weighing 2.7 kilos. Injected daily subcutaneously with 2 gin. of iodoform (Merck), stirred up in IO cc. of paraffin oil, for three days. On the third day when the injections were stopped, there was a strong reaction for inorganic iodine in the urine, as determined with starch paste. The dog had lost its appetite and had begun to look emaciated. On the sixth day (three days after stopping the injections) it was unable to stand, but, at intervals, while lying down, it would moan and howl feebly; and simultaneously there would occur frequent twitchings and cramp-like motions of the legs. At no time did the animal seem conscious of its surroundings. It refused meat and water; and between these times of activity it was drowsy and somewhat difficult to arouse. The strong reaction for iodine in the urine had persisted. The dog was killed with ether, but before death occurred a portion of the liver was removed and examined for free H ÷ ions in the manner already described in connection with chloroform. The reactions to the indicators were less intense than with chloroform. Other liver sections were then treated for various periods for from one to thirty minutes with a little dilute sulphuric acid and sodium nitrite, later removed from this bath, and placed on slides. To the sections on the slide thin starch paste was added, and they were then examined to see if the necrotic portions of the lobules became blue. No reaction for iodine was obtained in this way. Then after merely removing enough of the liver for proper hlstologieal examination, the remainder was ground in a meat grinder and treated with sulphuric acid of about M/5 strength, and a little sodium nitrite. The fluid was then poured off and treated with starch paste. No reaction occurred. The anatomical changes noted in the dog corresponded in every way to those so characteristic of chloroform poisoning. There was a number of ecchymoses on the parietal peritoneum and pleura. The liver was large, very fatty, and slightly yellowish. It contained a small subeapsular hemorrhage on its upper aspect. The kidneys were large and swollen, and the site of marked cloudy swelling. Microscopically the changes again were identical with those which follow chloroform. The liver contained areas of central necrosis involving about one-fourth of the lobule. There was much fat accumulation in the cells that were not destroyed. The kidneys showed numerous casts; and the tubular epithelium was swollen and granular.
Experiment 6.--Guinea pig, weighing 560 gin. Given daily for three days subcutaneous injections of o.2 gm. iodoform (Merck) in paraffin oil. On the fourth day the guinea pig was killed and examined. The anatomical changes were essentially the same as those described in the preceding experiment, but not developed to quite so great a degree. Bromoform was found to be much more toxic than chloroform; so it was impossible to administer it for two hours to an animal and have any assurance that it would live for forty-eight hours afterwards, and thus give time for the maximum development of the anatomical lesions. It was given by inhalation. In all, eight animals were used. A typical protocol is given.
Experiment 7.--A guinea pig weighing 672 gin. was placed under a bell jar and anesthetized by dropping bromoform through the opened top. It was kept in a state of deep narcosis for forty-five minutes and then returned to its cage and allowed to eat carrots. It remained lying on its side for nearly an hour after returning to its cage. Two days later it was killed by a blow on the head and examined. There were several small hemorrhages in the lungs. The liver was very fatty; and the kidneys were large and grayish. Microscopically the picture in the liver could not be distinguished from that of a case of chloroform poisoning. Around the central veins were small areas of necrotic cells without nuclei, constituting perhaps one-sixth or one-seventh of the lobule. There was a large amount of fat accumulation. Everywhere the changes were most conspicuous in the central portions of the lobules.
Liver Necrosis, Etc., as an Effect Common to Aliphatic Alkyl
Halidcs.
The readiness with which central liver necrosis, fatty changes, hemorrhages, edema, etc., could be produced by methyl halogen compounds other than chloroform, immediately suggested the probability that ethyl and ethylene halides would react in the same way. Support for this idea was furnished also by the fact that these substances, like the methyl compour~ds, readily yield halogen acids outside the body. Niederist 25 has shownthat at Ioo ° C. ethyl iodide and water after fifteen hours yielded 98 per cent of calculated hydriodic acid, and that ethyl bromide after eighteen hours gave 94 per cent of calculated hydrobromic acid. Ethylene bromide after heating with water for fifty-two hours at I4 o° to I5 o° C. yielded 96 per cent of the theoretical hydrobromic acid.
CH2Br
H20 CH20H I + ~ I q-2HBr CH2Br H20 CH2OH
Butlerow 26 had previously found that, after heating ethyl chloride to Ioo ° C. in a sealed tube for ninety-two hours, much hydrochloric acid and alcohol were present.
The following halogen substitution products of ethane have been tried in this work: ethyl chloride, ethyl bromide, ethyl iodide, and ethylene bromide. Not only do all these substances produce morphological changes indistinguishable from those following chloroform, but also it is possible to obtain evidence that the respective halogen acid is liberated in each case. This evidence is found in the fact that the neutral salts of the respective halogen acids have been found in the urine after the administration of ethyl bromide and iodide.
That an acid effect is again concerned is shown by the fact that when sections of the liver are .treated with neutral red, according to the method already given, the necrotic portions show a high hydrogen ion content. Although apparently no measurements have been made of neutral chlorides in the urine after the administration of ethyl chloride, an increase might nevertheless be expected by analogy with the findings after the use of ethyl bromide and iodide. Dreser 27 found inorganic bromine in the urine, both of man and experimental animals, after inhalations of ethyl bromide. Inorganic iodine has been found in the liver of a guinea pig after the use of ethyl iodide by Loeb. 2s The essential morphological changes under discussion in this article have been observed by previous workers to follow the use of ethyl chloride and ethyl bromide. These have been rather extensively studied by Haslebacher, ~ who also found that the urine became strongly acid and then contained large amounts of casts and albumen, an observation which, in the case of ethyl bromide, had previously been made by Regli. 8° In our experiments it was found that when given by inhalation the relative power of producing the morphological changes as well as the general toxicity of these substances was greatest in the case of the iodide and leas't with the chloride. The most toxic of all was ethylene bromide. This was so toxic that a narcosis of fifteen minutes' duration or longer was invariably followed within forty-eight hours by death. In each instance Kahlbaum's preparations were used. Typical protocols f~ollow.
~ Dreser, H., Zur Pharmakologle des Bromiithyls, Arch. ~. e.rper. Path. u. Pharmakol., 1895, xxxvi, 285. 28 Loeb, O., Die Jodverteilung nach Einfuhr verschiedener Jodverblndungen, Arch. f. exper. Path. u. PharmakoL, 19o6, lvi, 320. ~9 I-Ias|ebacher, A., Experimentelle Beobachtungen fiber die Nachwirkungen bei der Bromaethyl-und Chloraethylnarkose, Inaugural Dissertation, Bern, 19Ol. ao Regli, cited by Haslebacher, loc. cir.
Ethyl Bromide.--Adult guinea pig given ethyl bromide by inhalation for eighty minutes. Found dead about thirty hours after the administration. At autopsy the liver was fatty, and microscopically contained definite areas of central necrosis. There were extensive hemorrhages in the lungs. The kidneys were swollen and pale.
Ethyl Iodlde.--Experiment performed as above, except that inhalation of ethyl iodide was continued for only forty-five minutes. The guinea pig was found dead twenty hours later. The liver was fatty, and microscopically there were areas of beginning central lobular necrosis. The kidneys were pale and apparently edematous. There Were large hemorrhages in the lungs.
Ethyl Chloride.--After an inhalation of ethyl chloride for two hours, the guinea pig was killed two days later. It showed a moderately fatty liver with beginning central necrosis evident microscopically. There were no large hemorrhages in the lungs, and the kidneys were less pale and swollen.
Ethylene Bromide.--An adult guinea pig was given ethylene bromide by inhalation for twenty minutes. It was found dead forty hours later. Autopsy showed 2 or 3 cc. of a slightly blood stained fluid in the abdominal cavity. The liver was large and very fatty and showed beginning central necrosis. The kidneys were large and pale and the lungs had several large hemorrhages.
Lesions Produced by Chloral Hydrate Are Relatively Insignificant.
If the general theory is correct that the severe morphological changes induced by chloroform are due largely to hydrochloric acid liberated by its chemical dissociation in 'the tissues rather than merely to the fact that it contains three chlorine atoms, then we should expect that another narcotic substance, which would not yield hydrochloric acid in the body although it contained the same number of chlorine atoms, would not produce these changes. Chloral hydrate is a suitable substance with which to investigate this point, because it i.s eliminated almost completely as urochloralic (trichlorethylglucuronic) acid, and therefore is not capable 9f yielding appreciable amounts of hydrochloric acid. Only a very small portion of it is decomposed, with a resulting increase in urinary chlorides2 ~ Experiments showed that guinea pigs, which had been profoundly narcotized with chloral hydrate for from fifteen to twenty hours, failed to show any liver necrosis, hemorrhages, or extensive edema. Only a very slight accumulation of fat occurred in the liver. This was demonstrable usually only by microscopic examination of sections stained for fat. Whipple 32 has stated that he also failed to produce liver necrosis with ~hi,s agent.
al Meyer and Gottlieb, loc. cit., p. 89. a2 Personal communication.
These resuIts seem to afford striking confirmation of the idea that the essential factor in the production of these severe lesions by alkyl halides is the halogen acid formed by decomposition rather than merely the halogen content of the molecule. A representative protocol follows.
Dec. I9. Three adult guinea pigs were used: A, weighing 615 grn.; B, 665 gin. ; and C, 485 gin. At Iz.3o each was given subcutaneously 0.2 gm. of chloral hydrate dissolved in 2 cc. of water. Fifteen minutes later Guinea Pigs A and B were lying on their sides, but still responsive to stimulation. At 3.oo p. m. there had still been no deep narcosis. Each guinea pig therefore was given 0.3 gin. At 4.30 each was given another injection of o.I gm. At 4.45 all three guinea pigs were in deep narcosis.
Dec. 20, II.3O a. m. Each guinea pig was injected with 0.4 gm. An hour later all were in deep narcosis and were still so at 4.30 p. m.
Dec. 2I. Guinea Pig B was found dead in the morning. Autopsy showed reddish purple liver with no appreciable fat accumulation and no noteworthy changes elsewhere. Microscopically there was found no appreciable accumulation of fat in the liver, no necrosis, and no marked changes in any of the viscera. At II.3o a. m. Guinea Pigs A and C were given 0.5 gm. of chloral hydrate as before. At noon both animals were in deep narcosis. At 9.o0 p. m. C died; A was still in profound narcosis. Autopsy on C showed slight fatty liver, but no hemorrhages or marked edema anywhere. Microscopically there was no necrosis in the liver.
Dec. 22. Guinea Pig A was found dead at 7.00 a.m. Aside from moderate postmortem decomposition there were no striking changes. Sections of the liver showed no central necrosis.
GENERAL DISCUSSION.
It is a striking fact that certain narcotic agents readily induce marked morphological changes, the most conspicuous of which are central necrosis of the liver lobules, fat infiltration, and a tendency to hemorrhage and edema. This property is particularly evident in those agents whose chemical structure places them in the group of alkyl halides. That this property is not necessarily connected with their ability to induce narcosis is shown by the fact that other narcotic agents (e. 27., ether and chloral hydrate), which do not belong to this general chemical group, fail to induce tissue changes which are at all commensurate with those following the administration of the alkyl halides. Moreover, that the mere presence of halogen atoms in the molecule is not the responsible factor is demonstrated by the fact that chloral hydrate (CCI~--CH < ~)~I )' which, like chloroform (CHCla) , possesses three chlorine atoms, produces relatively insignificant morphological effects. Some other factor must therefore be responsible. Evidence has been submitted to show that an important factor is probably the halogen acid (hydrochloric, hydrobromic, or hydriodic acid) which is formed by chemical dissociation of the alkyl halides within the body. That these substances form their respective halogen acids in the body is shown by the occurrence in large quantity of the neutral salts of these acids in the urine. In this respect they differ from chloral hydrate, which is excreted mainly as urochloralic acid, and of which therefore only a small portion is decomposed to give neutral chlorides.
The idea of placing 'the chief responsibility for these severe tissue effects upon 'the halogen acids formed in the tissues is based upon a number of experimental findings. Pictures practically identical with that of late chloroform poisoning have been produced simply by the administration of hydrochloric acid in suitable concentrations, the only essential difference being that with the injection of the acid the liver necrosis was peripheral rather than central. That these substances form their respective halogen acids within the body is shown by the appearance of their neutral salts in the urine. Alkali, in suitable concentration and combined with hypertonic saline, prevented the liver necrosis and greatly inhibited 'the other tissue changes. In 'the series CHIC12, CtIC13, and CC14, the tetrachloride was the most powerful and the bichloride the least, in their ability to induce the morphological changes. This comparison parallels the respective amounts o.f hydrochloric acid which these substances can yield in their breakdown outside the body ; that is, CCI~ can give four molecules of HC1; CHCI~, three, and CH2C12, two. Of the ethyl compounds, the iodide was most 'toxic, the bromide less, and the chloride least of all. This relationship agrees with their relative chemical reactivities outside the body. The question of how the acid is formed will not be discussed extensively in this paper. Nef, 33 who has extensively investigated the nature .of the chemical reactions of the alkyl halides, has submitted a large amount of evidence to show that the halogen acid is dissociated off, leaving a methylene or bivalent carbon residue. In the case of chloroform the type of dissociation, according to him, is:
CHCI~ ~-CC12 -q-HC1; and in the case of ethyl chloride it is: C2H~CI ~ CH.~CH + HC1.
He has likewise produced evidence to show that in general the iodides are more dissociated than the bromides, and these in turn more than the chlorides. Our finding, therefore, that ethyl iodide produces the tissue changes more readily than the bromide and this in turn more readily than the chloride, conforms to Nef's idea of the readiness with which these substances can form respectively hydriodic, hydrobromic, and hydrochloric acids. The applicability of Nef's conceptions of dissociation and dynamic chemical equilibrium to problems 'of intermediate metabolism has already been under study for a number of years in this laboratory by Woodyatt, with particular reference to the chemical phenomena of diabetes2 ~ The tendency to ascribe the anatomical changes of chloroform to the production of phosgene (COC12), as has been done by Miiller, 3~ is probably an inadequate explanation, since this substance would almost certainly be quickly hydrolyzed to 2HC1 and CO2 in the body, and again we should be dealing with HCI as an important factor. Binz 86 has considered the liberation of the halogen itself (as molec-ular halogen) to be the chief toxic factor in all these drugs. There is, however, but little evidence in favor of such a conception; for at least outside the body most of the facts, as Nef has shown, point to a dissociation of a type to yield halogen acid instead of molecular halogen. Our experiments tend to show the existence of a similar type of dissociation within the body.
Fischler ~7 has sought an explanation for the chloroform changes in an associated fat necrosis from injury to the pancreas which he noted in a number of dogs. This idea was based on the fact that central necrosis was produced in Eck fistula dogs without the use of chloroform but after intraperitoneal injections of trypsin and hydrazin sulphate, and after severe crushing of the pancreas. He considers some albumen-splitting substance, whose nature he does not discuss, as the responsible factor. Obviously such a suggestion does not explain the production of the changes. It is not surprising that such drastic measures resulted in severe morphological changes, of which one was central necrosis of the liver. It is interesting, however, that degenerative changes most conspicuous in the central part of the lobule (including even well marked necrosis), sometimes followed simply the establishment of the Eck fistula without other experimental procedures. In one experiment, in which he also ligated the hepatic artery, the central necrosis was marked.
Wells 3s has expressed the view that the changes in late chloroform poisoning arise because, although the 'oxidizing enzymes are suppressed, the autolytic enzymes are left free to digest the cell. There is no reasonable doubt that oxidations, as well as many other metabolic activities, are altered by chloroform and these other substances under discussion. It is likewise true that in many respects there is a similarity between the production of chloroform liver necrosis and the self-disintegration of .tissue in vitro which is called autolysis. But the difficulty in such an interpretation lies in an inability to gain a definite conception of the nature of an autolytic enzyme ~md to distinguish i'ts effects from those of acids formed in the tissues. 3z Fischler, F., Ueber das Wesen der zentralen Liippchennekrose in der Leber und fiber die Rolle des Chloroforms bei dem sogenannten Narkosensp~ittod, Mitt. a. d. Grenageb. d. Med. u. Chir., 1913, xxvi, 553. 3s Wells, Arch. Int. Med., loc. clt. Particular care has been exercised all through this article to state that the halogen acids are suggested to be important factors rather than the only factors involved. Other acids must play a part; and possibly even other substances than acids are concerned. Since chlorof.orm, like other narcotic agents, induces a severe tissue asphyxia, we are compelled to assume the presence of various organic acids, notably lactic acid; and lactic acid, as has been already shown by Fischer and others, is capable of producing extensive tissue alterations. The comparatively slight tissue changes which follow the use of ether and chloral hydrate, for reasons already stated, cannot be due to the liberation of a halogen acid in the tissues; but they may perhaps be attributable chiefly to the tissue asphyxia and resultant weak acid formation which they induce. Nor can a halogen acid be a responsible factor in poisoning with phosphorus, which produces morphological changes similar to those of chloroform, except that in the liver the most extensive alterations are at the periphery instead of the center of the l obule. The mechanism involved here is not clear. Cell asphyxia, however, without doubt occurs; and it is well known that lactic acid is formed in relatively large amounts2 9 which in itself could play an important part. In addition, the possibility should be considered of the formation in the tissue and action of some of the phosphoric acids which are known to occur so easily in the oxidation of phosphorus in ~,itro. As yet there is no direct evidence to support this view. Doubtless also other factors are more or less involved which concern physical alterations in the ceil induced directly by the action of the phosphorus.
No detailed discussion will be taken up here concerning the question of whether these morphological changes (necrosis, fat infiltration, hemorrhages, and edema) are to be regarded as primarily acid effects or primarily asphyxial effects. It is of great interest that they can be readily obtained merely by the administration of such an acid as hydrochloric acid. But it is equally true that the administration of an acid also leads to the production of asphyxia. We are, therefore, confronted by the facts that acids give rise to asphyxia, and asphyxia in turn gives rise to acid production. It cannot be assumed that the changes are exclusively acid effects.
39 Lusk, G., The Elements of the Science of Nutrition, 2d edition, Philadelphia and London, I9o9, 304.
In this connection the location of the necrosis in the central part of the lobule is of interest; for this is the region which is farthest removed from the oxygen supply and from compensatory influences carried in by the blood. It is, therefore, the part where, in general asphyxial conditions, asphyxial acids (lactic, etc.) would be formed in largest quantity. This i.s strikingly borne out in Fischler's experiments which showed that interference with blood supply, by ligation of the hepatic artery and production of Eck fistula, was followed by degenerative changes which were always most marked in the centers of 'che lobules. In the case of chloroform poisoning we might suppose 'that the central locati'on of the necrosis is due to the fact that in 'that region we have the greatest total acid formed (i. e., asphyxial acids in addition to hydrochloric acid). Pc is also farther removed from the neutralizing effect of alkalis brought in by the blood than is the periphery of 'the lobule.
In a previous article 4° it has been shown that newly born pups, which are relatively immune to the production of late chloroform poisoning, owe 'their resistance to their rich supply of glycogen. The nature of this pro'tective action of glycogen is not clear. It is possible that the observation of Bechhold and Ziegler, 41 that glucose retards the diffusion of sodium chloride and some other substances in protein gels, bears on this phenomenon. In some work, as yet unpublished, we have observed 'chat the presence of glucose in gelatin and agar gels markedly retards the diffusion of hydrochloric and other acids through them. Fischer and Sykes 42 have recently shown that glucose and other sugars inhibit the swelling of a colloid, like fibrin, in water.
SUMMARY.
The central lobular necrosis in the liver, which has been regarded by some writers as characteristic of late chloroform poisoning, has been produced experimentally with a number of other drugs. It Kolloid-Ztschr., 1914, xiv, 2I 5. is, therefore, in no sense peculiar to chloroform poisoning. Substances which have been shown to produce a morphological picture indistinguishable from that of late chloroform poisoning are: (a) dichlor-and tetrachlormethane, (b) ~tribrom-and triiodomethane, (c) monochlor-, monobrom-, and monoiodoethane, also the dibromethane; that is, in general, the halogen substituted aliphatic hydrocarbons containing one or two carbon atoms. Presumably similar results might be obtained with the higher members of ~the same series.
The mechanism by which chloroform produces its characteristic tissue changes must accordingly be considered as a group reaction. Outside the body the similarities between the chemical behavior of different members of this group have been correlated by Nef on the basis of the type of dissociztion which these substances undergo and the differences in their behavior on .the basis of the differences of the degree to which such dissociations occur. According to the work of Nef, the group of substances under discussion has the property of .dissociating to yield a halogen acid and an unsaturated alkylidene rest. Thus with chloroform the type of dissociation may be expressed thus :
CHC13 ~---CC12 @ HC1.
In this paper the view is developed that the changes characteristic of late poisonings width the above named group, namely edema, multiple hemorrhages, fat infiltration, and necrosis are ascribable (I) to acids and (i) to the fact that the amount of acid formed parallels the chemical dissociability of the drug outside of the body.
Favoring the view that acid is responsible for the changes are the following observations. I. All the characteristic features of late chloroform poisoning have been produced merely by the administration of hydrochloric acid, except, however, for a different distribution of the liver necrosis.
2. The areas of central necrosis produced in the liver by the various subs'tances under discussion give an acid reaction to neutral red.
S. Sodium carbonate in a hypertonic sodium chloride solution markedly inhibits the production of the lesions. In favor of the view ~that the respective halogen acids play an important part are the following.
I. After the administration of some of these drugs there has been noted an increase of the neutral salts of the halogen acids in the urine, a fact which indicates 'that the corresponding halogen acids must have been formed somewhere in the body.
2. The necrosis-producing powers of dichlormethane, chloroform, and tetrachlormethane parallel the amounts of hydrochloric acid which these substances theoretically can yield in their breakdown outside of the body. Likewise, the power to produce tissue changes exhibited by the ethyl compounds varies directly with 'the ease with which they form 'their respective halogen acids in vitro.
3. Ether and chloral hydrate which do no't yield halogen acid in their breakdown in the body likewise also do not produce necrosis. They induce only edema and fat infiltration to a less marked degree.
The suggestion is made 'that the halogen acid (hydrochloric, hydrobromic, or hydriodic acid), directly liberated in the process of dissociation, may be the important .factor which makes the 'tissue changes seen in poisoning with chloroform and other alkyl halides so different from those following 'the administration of narcotic drugs of a different type.
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